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Description

[0001] The invention relates to a wind turbine rotor blade with two rows of vortex generators.
[0002] For optimum performance under various operating conditions, wind turbine rotor blades need to fulfil complex
structural and aerodynamic requirements.With regard to the profile thickness, for example, a compromise has to bemade
between aerodynamic and structural performance. In an inner radius section of wind turbine rotor blades, structural
requirements call for profiles having a large relative thickness of more than e.g. 30 %, while the strong curvature of these
profiles may lead to flow separation. Flow separation has also been observed in various other surface regions of wind
turbine rotor blades. To counteract such flow separation, it is well known to place vortex generators on the blade surface.
[0003] The vortex generators are positioned obliquely, so that they have an angle of attack with respect to the local
airflow, in order to create a vortexwhich drawsenergetic, rapidlymovingoutside air into the slow-movingboundary layer in
contact with the blade surface. Vortex generators are used to trigger the transition from laminar flow to turbulent flow. A
turbulent boundary layer is less likely to separate than a laminar one. As a consequence, a higher lift can be obtained.
However, the vortex generators at the same time increase drag. For best results, vortex generators are generally
positioned just before of an imaginary line where flow separation is expected.
[0004] ThedocumentEP3037565B1disclosesawind turbine rotor bladehavingamain vortexgenerator configured to
generateamain vortexandasecondary vortexgenerator configured togenerateasecondvortex,wherein themain vortex
generator has a greater height than the secondary vortex generator.
[0005] The document EP 2 129 908 B1 discloses a wind turbine rotor blade with two rows of vortex generators. The
vortex generators of both rows have a relatively small height and for this reason are called micro vortex generators.
[0006] The document US 2011/0229321 A1 discloses a wind turbine rotor blade in accordance with the preamble of
claim 1. The vortex generators of the second row are placed just behind the vortex generators of the first row.
[0007] Starting therefrom, it is an object of the invention to improve the aerodynamic efficiency of a wind turbine rotor
blade having two rows of vortex generators.
[0008] This object is solvedby thewind turbine rotor bladewith the featuresof claim1.Preferredaspects of the invention
are given in the dependent claims.
[0009] The wind turbine rotor blade has a blade root, a blade tip, a leading edge, a trailing edge, a first row of vortex
generators and a second row of vortex generators,
•wherein thefirst rowand thesecond rowextend inagenerally spanwisedirectionand thefirst row isarrangedcloser to the
leading edge than the second row,
• wherein the first row comprises two adjacent vortex generators each having a longitudinal axis extending in a generally
chordwisedirection and twofirst finsarrangedsymmetrically to the longitudinal axis,wherein eachof the twofirst finshasa
leading end and a trailing end, wherein the trailing ends are arranged in a distance d fromeach other, wherein the distance
d is larger than a distance between the leading ends, wherein the two longitudinal axes are arranged in a distance D from
each other and define a centre line extending in a generally chordwise direction,
• wherein the second row of vortex generators comprises a second fin having a leading end and a trailing end, wherein the
trailing end is arranged closer to the centre line than the leading end,
• wherein the second fin is positionedwith reference to the first fin that is arrangedon the sameside of the centre line as the
second fin andwith its trailing end closer to the centre line than its leading end such that the trailing end of the second fin is
arranged in a chordwise distance c from the trailing end of that first fin,
• wherein a distance x of the trailing end of the second fin from the centre line is within a range between
(i) an upper limit xu defined by:

xu ≤ 0.30 D for c > 1.43 D - 3.57d
xu ≤ D/2 - d/2 - 0.14 c for c ≤ 1.43 D - 3.57 d and

(ii) a lower limit xL defined by

xL ≥ 0.07 D for c > 0.75 D - 0.87 d
xL ≥ D/2 - d/2 - 0.58 c for c ≤ 0.75 D - 0.87 d.

[0010] Thewind turbine rotor blade in particular is designed for awind turbine rotor with a horizontal axis. The blade root
canbeadapted forbeing fastenedona rotorhub.Thespanwisedirectiongenerally extends from theblade root towards the
blade tip, in particular parallel to a pitch axis or longitudinal axis of thewind turbine rotor blade. Thewind turbine rotor blade
hasanaerodynamicprofilewithasuctionside, apressuresideandachordextendingbetweenaprofile leadingedgeanda
profile trailing edge. The chordwise direction corresponds to the direction of this chord, and is perpendicular to the
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longitudinal axis/pitch axis of the wind turbine rotor blade.
[0011] Thefirst rowand thesecond rowof vortexgeneratorsextend inagenerally spanwisedirection. Inotherwords, the
vortexgeneratorsof each rowareplacedalonga lineon thewind turbine rotor bladesurface running fromafirst point closer
to the blade root to a second point closer to the blade tip. These lines may be straight and/or parallel to the longitudinal
axis/pitch axis of the wind turbine rotor blade. However, they may as well be inclined with regard to the longitudinal
axis/pitch axis and/or comprise a curvature and/or one or more kinks. For example, the lines may be positioned at a fixed
distance from the leading edge, either in absolute terms or in relation to the chord length varying in the spanwise direction.
The distance from the leading edge may also vary in the spanwise direction, for example may it increase with increasing
distance from the blade root. In this context, the feature that the first row is arranged closer to the leading edge than the
second rowmeans that a vortex generator of the first row at a given spanwise position is closer to the leading edge than a
vortex generator of the second rowat substantially the samespanwiseposition, so that theair flow reaches the second row
only after having passed the first row.
[0012] The first row comprises a plurality of vortex generators each having a longitudinal axis arranged in a generally
chordwise direction. In other words, the vortex generators are aligned with a direction of the surrounding air flow, wherein
some deviation between the direction of air flow, the longitudinal axis and/or the chordwise direction is possible.
[0013] Each vortex generator of the first row comprises two first fins placed symmetrically with regard to its longitudinal
axis. The first fins may be connected to each other via a base plate or via any other supporting structure mounted to the
wind turbine rotor blade surface, but they may as well be mounted individually on the wind turbine rotor blade surface,
without any other connecting member between the two first fins.
[0014] The first fins aswell as the second finmay be essentially planar, but theymay also include some curvature. They
are placed at an angle with reference to the longitudinal axis and hence to the direction of air flow. This angle may be in a
range of about 10° to about 40°, for example. The finsmay be placed generally perpendicular to a wind turbine rotor blade
surface, inparticular on thesuctionside.Eachof thefinshasa leadingendanda trailingend, baseduponwhere theair flow
passesfirst. The leadingend is the foremostpart of thefin, the trailingend is thebackmostpart of thefin.As thefinmayhave
any shape, e.g. rectangular, triangular, trapezoidal and/or including some curvature, the leading endmay be a point or an
edge. The same holds for the trailing end. The distance d is measured between the trailing ends of the first fins of a vortex
generator of the first row of vortex generators. It corresponds to the overall width of these vortex generators.
[0015] The longitudinal axes of two adj acent vortex generators of the first row define a centre line arranged halfway
between the two longitudinal axes. If the longitudinal axesareexactly parallel, thecentre linewill beparallel to bothof them.
It is also possible that an angle is formed between the two longitudinal axes, should one or both of them deviate from the
chordwise direction, e.g. by a few degrees. In this case, the centre line will be a bisecting line.
[0016] The vortex generators of the second row comprise a second fin having a leading end and a trailing end, wherein
the trailingend isarrangedcloser to thecentre line.Fordefining thepositionof the trailingendof thesecondfin, reference is
made to the position of the trailing end of one of the first fins, namely of the first fin that is on the same side of the centre line
andalsohas its trailingendcloser to the centre line than its leadingend.Thechordwisedistancebetween the trailingendof
this first fin and the trailing end of the second fin is denoted distance c. It is measured along the wind turbine rotor blade
surface, which may include some curvature. Hence, the chordwise distance c may not follow a straight line, but
corresponds to an overall direction of air flow.
[0017] In accordancewith the invention, the spanwise position of the trailing end of the second fin lies in a specified area
defined in terms of the spanwise distance x of this trailing end from the centre line. The spanwise distance x shall be
measured along the wind turbine rotor blade surface as well, as has been explained for the chordwise distance c. The
range of the spanwise distance x within the specified area is defined by upper and lower limits which depend on the
chordwise distance c as indicated above.Both limits include a fixedvalue for the spanwise distance xwhich applies further
away from the first row, and a value depending linearly on the chordwise distance c which applies closer to the first row.
Together, the upper and lower limits define a strip-shaped surface area beginning at the trailing end of the specified first fin
of the vortex generator of the first row, and then broadening with increasing distance from this trailing end.
[0018] In operation, the area defined by the upper and lower limits corresponds to an extension of a vortex generated by
the first fin.When the second fin has the sameorientationwith reference to the direction of air flow as the first fin, it tends to
generate a vortex with the same rotation direction, either clockwise or counter-clockwise. Placing the trailing end of the
secondfin in the specifiedarea thereforedoesnot generateanewvortex, but rather strengthensor re-energises the vortex
generated by the first fin. For this reason, it is believed that the second row of vortex generators helps avoiding flow
separation while generating less additional drag than a second row of vortex generators placed outside of the specified
area.
[0019] In an aspect of the invention, the upper limit xu is defined by

xu ≤ 0.18 D for c > 1.19D - 1.87d
xu ≤ D/2 - d/2 - 0.27 c for c ≤ 1.19D - 1.87 d.
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[0020] This means the area in which the trailing end of the second fin is placed is narrower, so that the strengthening of
the vortex generatedby the first fin is evenmoreefficient and/or appliesa larger rangeof operating conditions. Theslopeof
‑0.27 c corresponds to an angle α of 15° (see below explanation of Fig. 3).
[0021] In an aspect of the invention, the lower limit xL is defined by

xL ≥ 0.10D for c > 0.85 D - 1.06 d
xL ≥ D/2 - d/2 - 0.47 c for c ≤ 0.85 D - 1.06 d.

[0022] Thismeans thearea inwhich the trailingendof thesecondfin isplaced isevennarrower, so that thestrengthening
of the vortex generated by the first fin is evenmore efficient and/or applies to an even larger range of operating conditions.
The slope of ‑0.47 c corresponds to an angle β of 25° (see below explanation of Fig. 3).
[0023] In accordance with the invention, the chordwise distance c is larger than twice the distance d. It has been found
that the vortex strengthening effect works best when the distance c is at least as large as the distance d.
[0024] In anaspect of the invention, the second rowcomprises aplurality of second fins,wherein eachof the second fins
is arranged with reference to one of the first fins as defined in claim 1. In this way, each of the second fins strengthens a
vortex generated by one of the first fins.
[0025] In an aspect of the invention, the two vortex generators of the first roware arranged in a longitudinal section of the
wind turbine rotor blade inwhich thewind turbine rotor blade has anaerodynamic profilewith a relative thicknessof 0.35 or
more. The relative thickness may also be 0.45 or larger. For this type of profiles, the second row of vortex generators is
particularly useful.
[0026] In an aspect of the invention, the aerodynamic profile has a flat trailing edge. The flat trailing edge helps limiting
the curvatureof thesuction sideand thereforeavoiding flowseparation. In combinationwith the inventivepositioningof the
second fin, optimal aerodynamic efficiency can be obtained.
[0027] In an aspect of the invention, the flat trailing edge has a thickness of at least 2 % of a chord length of the
aerodynamic profile. The thickness may also be at least 10 % or at least 15 % of the chord length.
[0028] In an aspect of the invention, a vortex generator of the first row comprises a baseplatemounted on awind turbine
rotor blade surface, wherein the two first fins of the vortex generator are connected to the base plate. This type of vortex
generator is easy to install.
[0029] In an aspect of the invention, a vortex generator of the second row comprises a base plate mounted on a wind
turbine rotor blade surface, wherein a single second fin is connected to the base plate. In other words, each of the second
fins of the second row of vortex generators is installed bymeans of a separate base plate. The defined spanwise positions
of the second fins may include relatively large distances between adjacent second fins. Installing the second fins
individually by means of separate, relatively small base plates instead of in pairs with relatively wide base plates can
therefore lead to less disturbance of the air flow between adjacent second fins.
[0030] In the following, the invention is explained in greater detail basedonanembodiment shown in figures. Thefigures
show:

Fig. 1 a wind turbine rotor blade in a schematic, perspective view,

Fig. 2 the wind turbine rotor blade of Fig. 1 in cross section,

Fig. 3 the wind turbine rotor blade of Fig. 1 in a schematic view on a section of the suction side.

[0031] The wind turbine rotor blade 10 of Fig. 1 has a blade root 12, a blade tip 14 and a pitch axis 68. The pitch axis 68
may also be referred to as longitudinal axis of the wind turbine rotor blade 10. At the blade root 12, the wind turbine rotor
blade 10 has a cylindrical cross section and is adapted for attachment to a wind turbine rotor hub (not shown). The cross
section with increasing distance from the blade root 12 transforms into an aerodynamic profile, as illustrated by the dotted
lines. The surface of the wind turbine rotor blade 10 facing the viewer forms a suction side 16, the opposite surface of the
wind turbine rotor blade 10 forms a pressure side 18. The pressure side 16 and the suction side 18 both extend from a
leading edge 20 to a trailing edge 22.
[0032] Afirst row24of vortex generators andasecond row26of vortex generators arearranged in agenerally spanwise
direction in a longitudinal section 28 of the wind turbine rotor blade 10, on the suction side 16. The first row 24 of vortex
generators is positioned closer to the leading edge 20 than the second row 26 of vortex generators. In the embodiment of
Fig. 1, eachvortexgenerator of thefirst row24andof thesecond row26comprises twofins.However, this is notmandatory
in particular for the second row 26, in which one or more of the vortex generators may consist each of a single second fin
only.
[0033] The cross section of Fig. 2 lies within the longitudinal section 28 of the wind turbine rotor blade 10, close to the
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blade root 12.At this longitudinal position, theaerodynamic profile hasa relative thicknessof about 40%, calculatedas the
profile thickness 70 divided by the chord length 72, and a flat trailing edge 22 with a height 74 of about 20 % of the chord
length 32.
[0034] On the suction side 16, one can see a first fin 30 of a vortex generator of the first row 24. The first fin 30 has a
trapezoidal shapewitha leadingend34 formedbyashort edgearrangedapproximatelyperpendicular to thesurfaceof the
suction side 16, and a trailing end 36 arranged approximately perpendicular to the surface of the suction side 16. One can
also see a second fin 32 of a vortex generator of the second row 26. The second fin 32 has a trapezoidal shape with a
leading end 38 formed by a short edge arranged approximately perpendicular to the surface of the suction side 16, and a
trailing end 40 arranged approximately perpendicular to the surface of the suction side 16. The chordwise distance c is
measured between the trailing ends 36 and 40 along the wind turbine rotor blade’s surface.
[0035] Figure3shows thepositionsof thevortexgenerators ingreater detail, lookingontoasectionof thesuctionside16
of thewind turbine rotor blade10. The leadingedge20 is shown to the left, the trailingedge22 is shown to the right of Fig. 3.
The first row 24 of vortex generators comprises a vortex generator having a first fin 30 and a further first fin 42 arranged
symmetrically to a longitudinal axis 44 of this vortex generator.
[0036] The distance d is indicated between the trailing end 36 of first fin 30 and the trailing end of first fin 42. It
corresponds to a width of the vortex generator.
[0037] Another, adjacent vortex generator of the first row24of vortex generators is arranged in a spanwise distanceD. It
comprises two fins 46, 48 and a longitudinal axis 50. The longitudinal axes 44, 50 of both vortex generators of the first row
24 of vortex generators are arranged in a generally chordwise direction. They define a centre line 52 arranged halfway
between the longitudinal axes 44, 50. The spanwise distance D is measured between the longitudinal axes 44, 50.
[0038] The second row 26 of vortex generators comprises a second fin 32 having a leading end 38 and a trailing end 40.
The trailing end 40 is arranged in a spanwise distance x from the centre line 52, and in a chordwise distance c from the
trailing end 36 of the first fin 30. The trailing end 40 is arranged in a specific surface area 54 shown with a shading. The
range of spanwise positions xwithin the surface area 54 is defined by an upper limit xu given by a first line 56 and a second
line 58 and by a lower limit xL given by a third line 60 and a fourth line 62.
[0039] The first line 56 is described by the term xu = D/2 - d/2 - 0.14 c and applies as an upper limit xu for the spanwise
distance xwhere c≤1.43D - 3.57d. The slopeof ‑0.14 c corresponds toanangleα=8°. Thesecond line 58 is describedby
the term xu = 0.30 D.
[0040] The third line 60 is described by the term xL = D/2 - d/2 - 0.58 c and applies as a lower limit xL for the spanwise
distance xwhere c≤0.75D - 0.87 d. The slopeof ‑0.58 c corresponds to anangle β=30°. The fourth line 62 is described by
the term xL = 0.07 D.
[0041] When looking from the leading edge 20 at the air flow close to the suction side 16, the first fin 30 will generate a
vortex rotating counter-clockwise and roughly covering the surfacearea 54when flowing towards the trailing edge22. The
second fin 32with its trailing end 40 arrangedwithin this surface area 54will not generate a new vortex, but will strengthen
the vortex generated by the first fin 30.
[0042] One can see from Fig. 3 that each of the second fins comprised in the second row 26 of vortex generators is
arrangedwith reference tooneof thefirst fins30, 42, 46,48of thefirst row24of vortexgenerators, ashasbeenexplained in
detail for the second fin 32, that is in a specific surface area shown with a shading.
[0043] Figure 3 also shows that the vortex generators of the first row 24 of vortex generators each comprise two first fins
(30/42, and 46/48, respectively) connected to a common base plate 64, while each of the second fins of the vortex
generators of the second row 26 of vortex generators is connected to a separate base plate 66.

List of reference numerals

[0044]

10 wind turbine rotor blade
12 blade root
14 blade tip
16 suction side
18 pressure side
20 leading edge
22 trailing edge
24 first row of vortex generators
26 second row of vortex generators
28 longitudinal section
30 first fin
32 second fin
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34 leading end of first fin 30
36 trailing end of first fin 30
38 leading end of second fin 32
40 trailing end of second fin 32
42 first fin
44 longitudinal axis
46 first fin
48 first fin
50 longitudinal axis
52 centre line
54 surface area
56 first line
58 second line
60 third line
62 fourth line
64 common base plate
66 separate base plate
68 pitch axis
70 profile thickness
72 chord length
74 height
α, β angles
x distance of the trailing end of the second fin from the centre line
xu upper limit of the value x
xL lower limit of the value x

Claims

1. Awind turbine rotor blade (10) comprising a blade root (12), a blade tip (14), a leading edge (20), a trailing edge (22), a
first row (24) of vortex generators and a second row (26) of vortex generators,

•wherein thefirst row (24)and thesecond row (26)extend inagenerally spanwisedirectionand thefirst row (24) is
arranged closer to the leading edge (20) than the second row (26),
• wherein the first row (24) comprises two adjacent vortex generators each having a longitudinal axis (44, 50)
extending in a generally chordwise direction and two first fins (30, 42, 46, 48) arranged symmetrically to the
longitudinal axis (44, 50),wherein eachof the twofirst fins (30, 42, 46, 48) hasa leadingend (34) anda trailing end
(36), wherein the trailing ends (36) are arranged in a distance d from each other, wherein the distance d is larger
than a distance between the leading ends (34), wherein the two longitudinal axes (44, 50) are arranged in a
distance D from each other and define a centre line (52) extending in a generally chordwise direction,
• wherein the second row (24) of vortex generators comprises a second fin (32) having a leading end (38) and a
trailing end (40), wherein the trailing end (40) is arranged closer to the centre line (52) than the leading end (38),
•wherein the second fin (32) is positionedwith reference to the first fin (30) that is arrangedon the samesideof the
centre line (52) as the second fin (32) andwith its trailing end (40) closer to the centre line (52) than its leading end
(38) such that the trailing end (40) of the second fin (32) is arranged in a chordwise distance c from the trailing end
(36) of that first fin (30), characterised in that
• the chordwise distance c is larger than twice the distance d and
• a distance x of the trailing end (40) of the second fin (32) from the centre line (52) is within the range between

(i) an upper limit xU defined by:

xU ≤ 0.30 D for c > 1.43 D - 3.57 d
xU ≤ D/2 - d/2 - 0.14 c for c ≤ 1.43 D - 3.57 d and

(ii) a lower limit xL defined by

xL ≥ 0.07 D for c > 0.75 D - 0.87 d
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(continued)
xL ≥ D/2 - d/2 - 0.58 c for c ≤ 0.75 D - 0.87 d.

2. The wind turbine rotor blade (10) of claim 1, characterised in that the upper limit xU is defined by

xU ≤ 0.18 D for c > 1.19D - 1.87 d
xU ≤ D/2 - d/2 - 0.27 c for c ≤ 1.19 D - 1.87 d.

3. The wind turbine rotor blade (10) of claim 1 or 2, characterised in that the lower limit xL is defined by

xL ≥ 0.10 D for c > 0.85 D - 1.06 d
xL ≥ D/2 - d/2 - 0.47 c for c ≤ 0.85 D - 1.06 d.

4. The wind turbine rotor blade (10) of any of the claims 1 to 3, characterised in that the second row (26) comprises a
plurality of second fins (32), wherein each of the second fins (32) is arrangedwith reference to one of the first fins (30,
42, 46, 48) as defined in claim 1.

5. Thewind turbine rotor blade (10) of anyof the claims1 to 4, characterised in that the twovortex generators of the first
row (24) are arranged in a longitudinal section (28) of thewind turbine rotor blade inwhich thewind turbine rotor blade
(10) has an aerodynamic profile with a relative thickness of 0.35 or more.

6. The wind turbine rotor blade (10) of any of the claims 1 to 5, characterised in that the aerodynamic profile has a flat
trailing edge (22).

7. The wind turbine rotor blade (10) of any of the claims 1 to 6, characterised in that the flat trailing edge (22) has a
thickness of at least 2 % of a chord length (72) of the aerodynamic profile.

8. The wind turbine rotor blade (10) of any of the claims 1 to 7, characterised in that a vortex generator of the first row
(24) comprisesabaseplate (64)mountedonawind turbine rotor blade surface,wherein the twofirst fins (30, 42) of the
vortex generator are connected to the base plate (64).

9. Thewind turbine rotorblade (10) of anyof theclaims1 to8,characterised in thatavortexgenerator of thesecond row
(26) comprises a base plate (66) mounted on a wind turbine rotor blade surface, wherein a single second fin (32) is
connected to the base plate (66).

Patentansprüche

1. Windenergieanlagenrotorblatt (10), umfassend eine Blattwurzel (12), eine Blattspitze (14), eine Vorderkante (20),
eine Hinterkante (22), eine erste Reihe (24) von Wirbelgeneratoren und eine zweite Reihe (26) von Wirbelge-
neratoren,

• wobei sich die erste Reihe (24) und die zweite Reihe (26) in einer generellen Spannweitenrichtung erstrecken
und die erste Reihe (24) näher an der Vorderkante (20) angeordnet ist als die zweite Reihe (26),
• wobei die erste Reihe (24) zwei benachbarte Wirbelgeneratoren umfasst, die jeweils eine in einer generellen
Sehnenrichtung verlaufende Längsachse (44, 50) und zwei symmetrisch zur Längsachse (44, 50) angeordnete
erste Finnen (30, 42, 46, 48) aufweisen, wobei jede der beiden ersten Finnen (30, 42, 46, 48) ein vorderes Ende
(34) und ein hinteres Ende (36) aufweist, wobei die hinteren Enden (36) in einem Abstand d voneinander
angeordnet sind, wobei der Abstand d größer ist als ein Abstand zwischen den vorderen Enden (34), wobei die
beiden Längsachsen (44, 50) in einem Abstand D voneinander angeordnet sind und eine Mittellinie (52)
definieren, die sich in einer generellen Sehnenrichtung erstreckt,
• wobei die zweite Reihe (24) von Wirbelgeneratoren eine zweite Finne (32) mit einem vorderen Ende (38) und
einemhinterenEnde (40)umfasst,wobei dashintereEnde (40)näheranderMittellinie (52)angeordnet ist alsdas
vordere Ende (38),
•wobeidiezweiteFinne (32) inBezugaufdieersteFinne (30)positioniert ist, dieaufderselbenSeitederMittellinie
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(52)wie die zweiteFinne (32) undmit ihremhinterenEnde (40) näher anderMittellinie (52) alsmit ihremvorderen
Ende (38)angeordnet ist, sodassdashintereEnde (40)der zweitenFinne (32) ineinemsehnenweisenAbstandc
von dem hinteren Ende (36) dieser ersten Finne (30) angeordnet ist, dadurch gekennzeichnet, dass
• der sehnenweise Abstand c größer als das Doppelte des Abstands d ist und
• einAbstandxdeshinterenEndes (40) der zweitenFinne (32) vonderMittellinie (52) innerhalbdesBereichs liegt
zwischen

(i) einer oberen Grenze xU definiert durch:

xU <= 0.30D for c > 1.43D ‑3.57d
xU <= D/2 - d/2 - 0.14c for c <= 1.43 D - 3.57d

und
(ii) einer unteren Grenze xL definiert durch:

xL >= 0.07D for c > 0.75D - 0.87d
xL >= D/2 - d/2 - 0.58c for c < 0.75D - 0.87d.

2. Windenergieanlagenrotorblatt (10) nach Anspruch 1,dadurch gekennzeichnet, dass die obereGrenze xU definiert
ist durch

xU <= 0.18D for c > 1.19D - 1.87d
xU <= D/2 - d/2 - 0.27c for c <= 1.19D - 1.87d.

3. Windenergieanlagenrotorblatt (10) nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass die untere Grenze xL
definiert ist durch

xL >= 0.10D for c > 0.85D - 1.06d
xL >= D/2 - d/2 - 0.47c for c <= 0.85D - 1.06d.

4. Windenergieanlagenrotorblatt (10) nach einem der Ansprüche 1 bis 3, dadurch gekennzeichnet, dass die zweite
Reihe (26) eine Vielzahl von zweiten Finnen (32) umfasst, wobei jede der zweiten Finnen (32) unter Bezugnahmeauf
eine von den ersten Finnen (30, 42, 46, 48) im Sinne des Anspruchs 1 angeordnet ist.

5. Windenergieanlagenrotorblatt (10) nach einem der Ansprüche 1 bis 4, dadurch gekennzeichnet, dass die beiden
Wirbelgeneratoren der erstenReihe (24) in einem Längsschnitt (28) desWindenergieanlagenrotorblatts angeordnet
sind, in dem das Windenergieanlagenrotorblatt ein aerodynamisches Profil mit einer relativen Dicke von 0,35 oder
mehr aufweist.

6. Windenergieanlagenrotorblatt (10) nach einem der Ansprüche 1 bis 5, dadurch gekennzeichnet, dass das aero-
dynamische Profil eine flache Hinterkante (22) aufweist.

7. Windenergieanlagenrotorblatt (10) nach einem der Ansprüche 1 bis 6, dadurch gekennzeichnet, dass die flache
Hinterkante (22) eine Dicke von mindestens 2 % einer Sehnenlänge (72) des aerodynamischen Profils aufweist.

8. Windenergieanlagenrotorblatt (10) nach einem der Ansprüche 1 bis 7, dadurch gekennzeichnet, dass ein Wirbel-
generator der erstenReihe (24) eine auf einer Oberfläche desWindenergieanlagenrotorblattsmontierteGrundplatte
(64) aufweist,wobei die beidenerstenFinnen (30, 42) desWirbelgeneratorsmit derGrundplatte (64) verbunden sind.

9. Windenergieanlagenrotorblatt (10) nach einem der Ansprüche 1 bis 8, dadurch gekennzeichnet, dass ein Wirbel-
generator der zweiten Reihe (26) eine auf einer Oberfläche des Windenergieanlagenrotorblatts montierte Grund-
platte (66) aufweist, wobei eine einzelne zweite Finne (32) mit der Grundplatte (66) verbunden ist.

8

EP 4 027 006 B1

5

10

15

20

25

30

35

40

45

50

55



Revendications

1. Pale de rotor d’éolienne (10) comportant un pied de pale (12), une extrémité de pale (14), un bord d’attaque (20), un
bord de fuite (22), une première rangée (24) de générateurs de vortex et une seconde rangée (26) de générateurs de
vortex,

• dans laquelle la première rangée (24) et la seconde rangée (26) s’étendent dans une direction généralement
dans le sens de l’envergure et la première rangée (24) est agencée plus près du bord d’attaque (20) que la
seconde rangée (26),
• dans laquelle la première rangée (24) comporte deux générateurs de vortex adjacents, ayant chacun un axe
longitudinal (44, 50) s’étendant dans une direction généralement dans le sens de la corde, et deux premières
ailettes (30, 42, 46, 48) agencées symétriquement à l’axe longitudinal (44, 50), dans laquelle chacune des deux
premières ailettes (30, 42, 46, 48) a une extrémité d’attaque (34) et une extrémité de fuite (36), dans laquelle les
extrémités de fuite (36) sont agencéesàunedistanced l’unede l’autre, dans laquelle la distancedest supérieure
à une distance entre les extrémités d’attaque (34), dans laquelle les deux axes longitudinaux (44, 50) sont
agencés à une distance D l’un de l’autre et définissent une ligne centrale (52) s’étendant dans une direction
généralement dans le sens de la corde,
• dans laquelle la seconde rangée (24) de générateurs de vortex comporte une seconde ailette (32) ayant une
extrémitéd’attaque (38)et uneextrémitéde fuite (40), dans laquelle l’extrémitéde fuite (40)est agencéeplusprès
de la ligne centrale (52) que l’extrémité d’attaque (38),
• dans laquelle la seconde ailette (32) est positionnée par rapport à la première ailette (30) qui est agencée du
mêmecôtéde la lignecentrale (52) que la secondeailette (32) et avecsonextrémité de fuite (40)plusprochede la
lignecentrale (52)quesonextrémitéd’attaque (38), desorteque l’extrémitéde fuite (40)de la secondeailette (32)
soit agencée à une distance c dans le sens de la corde à partir de l’extrémité de fuite (36) de cette première ailette
(30), caractérisée en ce que
• la distance c dans le sens de la corde est supérieure à deux fois la distance d et
• unedistancexentre l’extrémitéde fuite (40)de lasecondeailette (32)et la lignecentrale (52) se trouveauseinde
la plage entre

(i) une limite supérieure xU définie par :

xU ≤ 0,30 D pour c > 1,43 D - 3,57 d

xU ≤ D/2 - d/2 - 0,14 c pour c ≤ 1,43 D - 3,57 d et

(ii) une limite inférieure xL définie par

xL ≥ 0,07 D pour c > 0,75 D - 0,87 d
xL ≥ D/2 - d/2 - 0,58 c pour c ≤ 0,75 D - 0,87 d.

2. Pale de rotor d’éolienne (10) selon la revendication 1, caractérisée en ce que la limite supérieure xU est définie par

xU ≤ 0,18 D pour c > 1,19 D - 1,87 d
xU ≤ D/2 - d/2 - 0,27 c pour c ≤ 1,19 D - 1,87 d.

3. Palede rotor d’éolienne (10) selon la revendication1ou2,caractériséeenceque la limite inférieurexLest définiepar

xL ≥ 0,10 D pour c > 0,85 D - 1,06 d
xL ≥ D/2 - d/2 - 0,47 c pour c ≤ 0,85 D - 1,06 d.

4. Pale de rotor d’éolienne (10) selon l’une quelconque des revendications 1 à 3, caractérisée en ce que la seconde
rangée (26) comporte une pluralité de secondes ailettes (32), dans laquelle chacune des secondes ailettes (32) est
agencée par rapport à l’une des premières ailettes (30, 42, 46, 48) selon la revendication 1.
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5. Pale de rotor d’éolienne (10) selon l’une quelconque des revendications 1 à 4, caractérisée en ce que les deux
générateurs de vortex de la première rangée (24) sont agencés dans une section longitudinale (28) de la pale de rotor
d’éoliennedans laquelle lapalede rotor d’éolienne (10) aunprofil aérodynamiqueavecuneépaisseur relativede0,35
ou plus.

6. Pale de rotor d’éolienne (10) selon l’une quelconque des revendications 1 à 5, caractérisée en ce que le profil
aérodynamique a un bord de fuite plat (22).

7. Pale de rotor d’éolienne (10) selon l’une quelconquedes revendications 1à6,caractériséeenceque le bord de fuite
plat (22) a une épaisseur d’au moins 2 % d’une longueur de corde (72) du profil aérodynamique.

8. Pale de rotor d’éolienne (10) selon l’une quelconque des revendications 1 à 7, caractérisée en ce qu’un générateur
de vortex de la première rangée (24) comporte une plaque de base (64) montée sur une surface de pale de rotor
d’éolienne, dans laquelle les deux premières ailettes (30, 42) du générateur de vortex sont reliées à la plaque de base
(64).

9. Pale de rotor d’éolienne (10) selon l’une quelconque des revendications 1 à 8, caractérisée en ce qu’un générateur
de vortex de la seconde rangée (26) comporte une plaque de base (66) montée sur une surface de pale de rotor
d’éolienne, dans laquelle une seconde ailette unique (32) est reliée à la plaque de base (66).
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